Tropospheric delay is the second major source of error after the ionospheric delay for satellite navigation systems. The transmitted signal could face a delay caused by the troposphere of over 2m at zenith and 20m at lower satellite elevation angles of 10 degrees and below. Positioning errors of 10m or greater can result from the inaccurate mitigation of the tropospheric delay. Many techniques are available for tropospheric delay mitigation consisting of surface meteorological models and global empirical models. Surface meteorological models need surface meteorological data to give high accuracy mitigation while the global empirical models need not. Several hybrid neutral atmosphere delay models have been developed by (University of New Brunswick, Canada) UNB researchers over the past decade or so. The most widely applicable current version is UNB3m, which uses the Saastamoinen zenith delays, Niell mapping functions, and a look-up table with annual mean and amplitude for temperature, pressure, and water vapour pressure varying with respect to latitude and height. This paper presents an assessment study of the behaviour of the UNB3m model compared with highly accurate IGS-tropospheric estimation for three different (latitude/height) IGS stations. The study was performed over four nonconsecutive weeks on different seasons over one year (October 2014 to July 2015. It can be concluded that using UNB3m model gives tropospheric delay correction accuracy of 0.050m in average for low latitude regions in all seasons. The model's accuracy is about 0.075m for medium latitude regions, while its highest accuracy is about 0.014m for high latitude regions.
INTRODUCTION
The most widely used formula for tropospheric refractivity N is the (Smith and Weintraub, 1953) simplified two-term formula: Three basic types of models exist that relate the parameters in equation (1.1) to either empirical Surface Meteorological (SM) measurements (surface meteorological models) or global standard atmospheres (global empirical models) or numerical weather predication models.
Surface Meteorological models are based on radiosonde profiles and relate the parameters of equation (1.1) to measurements taken at the ground surface. The most well known models are the Hopfield and Saastamoinen models (Farah, 2004) . Global Empirical Models avoid the use of surface meteorological data and assume that the atmosphere behaves in a certain manner depending on the behaviour of the temperature, pressure, and humidity such as Bomford, Bernese, Magnet, EGNOS and UNB models. Global weather prediction models uses mathematical models of the atmosphere and oceans to predict the weather based on current weather conditions such as the North American Mesoscale Model (NAM), the Global Forecast System (GFS) , and the long standing Nested Grid Model (NGM) (NCEI, 2015) .
Several hybrid neutral atmosphere delay models have been developed by UNB researchers over the past decade or so. The most widely applicable current version is UNB3, which uses the Saastamoinen zenith delays, Niell mapping functions, and a look-up table with annual mean and amplitude for temperature, pressure, and water vapour pressure varying with respect to latitude and height. These parameters are computed for a particular latitude and day of year using a cosine function for the annual variation and a linear interpolation for latitude. The UNB3 model has been extensively used in several regions of the world, being capable of predicting total zenith delays with average uncertainties of 0.05m under normal atmospheric conditions. UNB3m is a modified version of UNB3 has been used in GPS receivers utilizing the Wide Area Augmentation System and other space-based augmentation systems This paper presents an assessment study for the UNB3m model. The zenith tropospheric estimations were compared from the model with IGS-estimates for three varying (latitude & height) IGS stations (badg, mas1and nklg) (see Table 1 .1). The tropospheric zenith delay data from four weeks in different seasons were chosen to assess the seasonal variation of the weather conditions (see Table 1 .2). With the highly accurate estimation of the total tropospheric delay from the IGS-Tropospheric products, the differences of total zenith delay between the UNB3m model and the IGS-Troposphere estimation will give an indication of the quality of the model and assess its adequacy for tropospheric delay correction globally. (Collins and Langley, 1997) proposed a hybrid neutral atmosphere model designed for Wide Area Augmentation System (WAAS) users. This model, called UNB3, has its algorithm based on the prediction of meteorological parameter values, which are then used to compute hydrostatic and non-hydrostatic zenith delays using the Saastamoinen models. The slant delays are determined using the Niell mapping functions. A modified version of UNB3 was actually adopted for WAAS with the Niell mapping functions being replaced by the single Black and Eisner mapping function and with some other minor simplifications (RTCA, 2001) . The WAAS version of UNB3 has been favourably assessed for use with the European Geostationary Navigation Overlay Service (Dodson et al., 1999; Penna et al., 2001 ) and the Japanese Multifunctional Transport Satellite Augmentation System (Ueno et al., 2001) . In order to account for the seasonal variation of the neutral atmosphere behaviour, a look-up table of meteorological parameters is used. The parameters are barometric pressure, temperature, water vapour pressure (WVP), temperature lapse rate (E) and water vapour pressure height factor (O). This look-up table was derived from the U.S. Standard Atmosphere Supplements, 1966 (COESA, 1966 . Table 2 .1 shows the look-up table values for UNB3. The data is divided into two groups, to account for the annual average (mean) and amplitude of a cosine function for each parameter. Both amplitudes and averages vary with respect to latitude, for all parameters. The first step in the UNB3 algorithm is to obtain the meteorological parameter values for a particular latitude and day of year using the look-up table. By definition, the origin of the yearly variation is day of year (doy) 28. This procedure is similar to the one used in the Niell mapping functions computation. The interpolation between latitudes is done with a linear function. The annual average of a given parameter can be computed as: where Amp I stands for the computed amplitude. After average and amplitude are computed for given latitude, the parameter values can be estimated for the desired day of year according to:
where, X Idoy represents the computed parameter value for latitude I and day of year doy . This procedure is followed for each one of the five parameters. Once all five parameters are determined for given latitude and day of year, the zenith delays can be computed according to
Where,
• T o , P o , e o , ȕ, and Ȝ are the meteorological parameters computed according to (2.1) to (2.3);
• H is the orthometric height in m;
• R is the gas constant for dry air (287.054 J kg -1-K -1 ); • g m is the acceleration of gravity at the atmospheric column centroid in m s -2 and can be computed from
• g is the surface acceleration of gravity in m s -2 ; • T m is the mean temperature of water vapour in K and can be computed from
• ɉ ᇱ ൌ ɉ ͳ ሺሻ
• k1, k2 ' , and k3 are refractivity constants with values 77.60 K mbar -1 , 16.6 K mbar -1 and 377600 K 2 mbar -1 , respectively.
The total slant delay can be finally computed according to
where m h and m nh stand for hydrostatic and nonhydrostatic (Niell, 1996) mapping functions, respectively. Further details about UNB3 development and performance can be found in (Collins and Langley, 1997 ). An extensive discussion of neutral atmosphere propagation delay modelling and testing can be found in (Mendes, 1999) .
UNB3m was created by modifying parameter values in the UNB3 look-up table and the associated UNB3 algorithms. These changes were made in order to carry out the predictions using relative humidity rather than water vapour pressure. The part of the table that was related to water vapour pressure was replaced with values related to relative humidity. In UNB3m, all the computations for the point of interest are done initially using relative humidity, which is subsequently converted to water vapour pressure for use in the zenith delay computation. Further details about UNB3M development and performance can be found in (Leonardo et al., 2006) . that the UNB3m model is following closely IGS estimates in winter and autumn seasons rather than summer and spring seasons. The model is giving its best behavior in winter season with average mean difference of about 0.030m while the average mean difference is about 0.040m in autumn season. While, the average mean difference between the model and IGS estimates is about 0.070m in spring season. The model is shown its worst behavior in summer season with an average mean difference of 0.110m.
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From the above shown figures (9 to 12) & table 3.3.1 for high latitude region, it is shown that the UNB3m model is following closely the IGS estimates in winter, spring and summer seasons better than autumn season. The average mean differences are 0.003m, 0.013m and 0.015m in winter, spring and summer seasons respectively. While the average mean difference is 0.024m in autumn season.
It can concluded in general that the UNB3m model is giving better behavior for high latitude regions rather than medium and low latitude regions. This could be explained by the fact that the model look up table (table 2.1) for atmospheric parameters was derived from the U.S. Standard Atmosphere Supplements, 1966 (COESA, 1966 .
CONCLUSIONS
It is recommended to use UNB3M model for estimating the zenith trop. delay correction for low latitude regions in seasons; winter and summer. For medium latitude regions, the model is behaving better in winter and autumn seasons, while it is recommended to use the model for trop. delay correction in winter and spring seasons.
UNB3m model gives tropospheric delay correction accuracy of 0.050m in average for low latitude regions in all seasons. The model's accuracy is about 0.075m for medium latitude regions, while its highest accuracy is about 0.014m for high latitude regions.
